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(54) Title: ANALYTICAL SYSTEM AND METHOD 
(57) Abstract 

An analytical or preparatory system comprises as a base 
unit (12). an adapter (14), and a substrate (16). The adapter 
114) is attached to an attachment region on the base unit (12). 
and the substrate (16) is attached to an attachment region on 
the adapter (14). The adapter (14) permits the base unit (12) 
to be interfaced with a wide variety of different substrates 
( 16) to perform chemical and biological analytical analyses and 
preparatory procedures. 
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ANALYTICAL SYSTEM AND METHOD 

This appl;:a:icn is a continuation- in-part of 
Application No. 08 /6 91,632, filed on August 1996, the full 

disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates generally to systems 
and methods for performing chemical and biological analyses. 
More particularly, the present invention relates to the desigr 
and use of an analyzer system which employs analytical 
substrates evaluated in a base unit, where an adapter is used 
as an interface between the substrate and the base unit. 

Numerous systems and instruments are available for 
performing chemical, clinical, and environmental analyses cf 
chemical and biological specimens. Conventional systems may 
employ a variety of detection devices for monitoring a 
chemical cr physical change which is related to the 
composition or ether characteristic cf the specimen bemo 
tested. Such instruments include spectrophotometers , 
f luorometers , light detectors, radioactive counters, 
magnetometers, galvanometers, ref 1 ect ome t ers , uitrason" s 
detectors. Temperature detectors, pressure detectors, 
mephlometers , elect rophoret i c detectors, PGR svstems, 1CF 
systems, and the like. Such instruments are often combined 
with electronic support systems, such as microprocessors, 
timers, video displays, LCD displays, input devices, cutout 
devices, and the like, m a stand- a^cne analyzer. Such 
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optics, sample manipulation, ar.c other structure necessarv rcr 
performmg the assay on the substrate. As a result, most 
analyzers are intended to work tnly wit:: a single tvpe :.i 
sample-receiving substrate ana are not readily adaptable to be 
5 used with other substrates. 

Recently, a new class sample - rece ivma substrate has 
been developed, referred to as " microf luidi o " systems. 
Microf luidic substrates have networks of chambers connected by 
channels which nave mesoscaie dimensions, wnere at leas: one 
10 dimension is usually between 0.1 ^m and 500 urn. Such 
microf luidic substrates may be fabricated using 

photolithographic techniques similar to those employed :n tne 
semiconductor industry, and the resulting devices tan be usee 
to perform a variety or sophisticated rhemieal and bicloqica.. 

15 analytical techniques . Microf luidic analytical technoinav nas 
a numbe r zi advantages , lnciudinc tne ability to emciov "erv 
small sample sizes, typically on the order of nancliters. The 
substrates may be produced at a relatively low cost, ant can 
oe formatted to perform numerous specific analytical 

20 operations, including mixing, dispensing, vaivmg, reactions, 
and detections. 

Because of the variety of analytical techniques anc 
potentially complex sample flow patterns that may oe 
incorporated into- particular micro! luiai c test substrates, 

25 significant demands may be placed cn tne anaivtica.i units 

which support the test substrates. The analytical units not 
only nave to manage the direction and timma of flow througn 
the network of channels and reservoirs or: tne substrate, thev 
may also nave to provide one or more physical interactions 

3C with the samples at locations distributed around the 

substrate, including heating, cooling, exposure to light or 
other radiation, detection of light cr ether emissions, 
measuring e lectrical /electrochemical sicnais oH , and the 
liKe. Tne flow control management -.ay r^so comprise 3 varies; 

35 of interactions, including tne patterned application, of 
voltage, torrent, or power ti tne substrate tor 
electrckmet ic flow control . :r tne abdication oressure , 
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acoustic; energy or ether mechanical interventions for 
otherwise inducing flew. 

It can thus be seen that a virtually infinite number 
of specific test formats may be incorporated into microfluiaic 
5 test substrates. Because of such variety and complexity, many 
if not most of the test substrates will require specifically 
configured analyzers in order to perform a particular test. 
Indeed, it is possible that particular test substrates employ 
more than one analyzer for performing different tests. The 
10 need to provide one dedicated analyzer for every substrate ana 
test, however, will significantly reduce the flexibility and 
cost advantages of the micrcf luidie systems. 

It would therefore be desirable t^ - - - — . 

analytical systems and methods which overcome or substantially 
15 mitigate at least some of one problems set forth above. In 
particular, it would be desiraole to provide analytical 
systems including base analytical units which can support a 
number of different microfluiaic or other test substrates 
having substantially different flew patterns, chemistries, and 
20 other analytical characteristics. It would be particularly 
desirable to provide analytical systems where the cost of 
modifying a base analytical unit to perform different tests on 
different test substrates is significantly reduced. 

25 2 - Description of the Background Art 

Microfluidic devices for analyzing samples are 
described ; r; the following patents ana published patent 
application:: : U.S. Patent Nos . =■ , 4 9 P , 3 9 2 ; 3 , 4 6 *: , 3 3 5 ; an:: 
5,304,487; and WO 96/04 54 7. An analytical, system ha vine: an 
analytical module wnicn connects r: an expansion reccctac^e i: 



a general purpose computer is described m WC 95/02139. 
sample typically present on an analytical rotor or he 
s amp 1 e holder, may be placed : n t n c r e c e c ■ t a c ^ e nd r h - 
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03 2; and Japanese published applications " 3-1C1752; 
JP 3-094158; and JP 4 9-77693. 

The disclosure of the present application is related 
to the following co-pending applications, the full disclosures 
of which are incorporated herein by reference, application no. 
60/015499 (provisional}, filed on April 16, 1996; application 
no. 09/671, 5 S ^ , filed on dune 28, 1996; application no. 
08/671,986, filed on June 28, 1996; application no. 
08/678,436, filed on July 3, 1996; and application no. 
08/633,080, filed July 16, 1996. 

SUMMARY CP THE INVENTION 
The present invention overcomes at least some or the 
deficiencies described above by providing analytical anc 
preparatory systems and metnods which empicv an adapter to 
interface between a sample substrate and an analytical case 
unit. The sample substrate is usually a microf luidic 
substrate but could be any ether sample suostrate capable of 
receiving test specimen is; or starting material (s- for 
processing or providing a detectable signal, where the base 
unit manages sample flow, reagent flow, and otner aspects cf 
the analytical and/cr preparatory technique s 1 performed on 
the sunstrate. The adapter allows a sir.a.e "ype of base unit, 
i.e. a case unit caving a particular c cn f : gurac ion , ~c 
interface with a ^ a r g e number ut test and otner sues t rates 
naving quite different configurations and to manaae numerous 
specific analytical and preparatory techniques on the 
substrates with little or no reconfiguration of the case unit 
itself . 

The methods and apparatus w:h t mo use with both 
analytical and preparatory techniques. 3y "analytical, " it ic- 
meant that the assay or process is intended primarily to 
detect and/cr quant itate an analyte or anaiytes in a test 
specimen. By "preparatory," it is meats, that the crccess is 
intended primarily to produce one or more products from one or 
more starting materials or reagents. The re mamma 
description relates mainly t: toe analytical metnods ana 
devices, out for the most part, all technology described will 
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oa equally useful for preparing materials for ether subseauent 
uses . 

In a first: aspect, the present invention provides an 
analytical system comprising a base unit having an attachment 
5 region with a base interface array including at .east one 

interface component therein. An adapter that is configured to 
be removably attached to the attachment region of tne base 
unit and has an adapter -case interface array which also 
includes an interface component. The adapter-base interface 

10 array mates with the case interface array when the adapter is 
attached to the base unit, and at ^east some of tne interface 
components in each of the arrays will couple or mate with each 
other. The adapter further i r. r. ■ : : d e ^ a ^ a mp i <=> substrate 
attachment region having an adapter - sample substrate interface 

15 array therein. The adapter- sample substrate interface arrav 
will usually also include at least one interface component 
(but in some cases could act primarily to position interface 
component (s J on the base units relative to interlace 
component !sj on the sample suns t rat e ) . A sample substrate is 

20 configured to be removably attached to tne sample substrate 

attachment region of the adapter and itself includes a sample- 
substrate interface array which usually .includes at least one 
interface component. The interface component - s : m the sample 
substrate interface array will mate with .tor responding 

25 interface component i s in the adapter -sample substrate 

interface array and/ or m the base interface array when the 
sample substrata : c attached ::. r h-~- .;i:rr cubi-t ra t 
at t a enment r eg i on . 

~y providing suitable ;:ter: -"nru:-:.:."' ; :. -a or: 

- : - tne i n t e r t 3. c e arrays, power and : u a ... o n n e c 1 1 z n o m a v 

be mace between tne base unit ana tne sample substrate in a 
virtually infinite number of pattern s I n s omo c a s e s , tne 
case uni : will provide ^n" y r --•we r \w\ ■■■ : -jr. a . *onne o t i or." r ' 
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example light sources, detectors, and, or high voltage power, 
and the adapter will be .ess sophisticates often acting 
primarily to position the sample substrate relative to 
interface components on the base unit, channeling voltages, 
5 and allowing direct communication between the oase unit anc 

the sample substrate. 

Exemplary interface components include electrical 
power sources, analog signal connectors, digital signal 
connectors, energy transmission sources, energy emission 

10 detectors, other detectors and sensors, anc the like. Snercrv 
transmission sources may be lignt sources, acoustic energy 
sources, heat sources, cooling sources, pressure sources, and 
the like. Energy emission detectors include light detectors, 
fluorome t ers . UV detectors, radicact ivi tv detectors, neat 

15 detectors -thermometers, 1 , flow detectors, and tne like. Itnoi 

detectors and sensors may oe provided tor measuring pH , 
electrical potential, current, and tne .ike. It will be 
appreciated that the interface components will often be 
provided m pairs where a component m one array is coupled or 

20 linked to a corresponding component m tne mating array in 

order to provide for the transfer of power, signal, or other 
information. The interface components, however, need net nave 
such paired components, and often energy transmission scurces 
or emission detectors will b e crovrieci w 1 1 no u t 3 c c r r e s t on d i n c 

25 interface component in the mating rnterrace arrav. 

The oase unit, aaapter ana sample substrata will ce 
configured so that they may re pnysiraiiy jemec to eac.i other 
to form, the analytical system. Foi example, tne attachment 
region in the base unit may be a cavity, well, slot, :r other 

30 receptacle which receives tne adapter, where tne dimensions cr 

the receptacle are selected to mate with the adapter. 
Similarly, tne attachment region on the a dancer may come r i se a 
receptacle, well, slot, or :: her scar-- intended to receive tne 
sample substrate and position tne sucstrate properly relative 

35 to the adapter and or case unn. The sample substrate will 

preferably employ me so scale u.i j irur . s and reservoirs, 
i.e. where tne channels nave >: l--as: :n? dimension m the 
range from C.l ^ to 500 urr. , .sua - or : r ;t : urn to ICO urn. The 
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present invention, nowever , 13 net limited to the particular 
manner in which the base unit, adapter, and subs orate are 
attached and/ or to the particular dimensions of the flow 
channels on one sample substrate. 
5 Although described thus far as a three -tiered 

system, it should oe understood that the additional components 
or "tiers" could be utilized. For example, additional 
carriers or adapters could .oe utilized for providing 
additional interface is) , such as a carrier for the sample 

10 substrate, where the carrier would be mounted within or 

attached to the adapt er whicn is received on the base unit. 
Similarly, the attachment region m the case unit which 
receives tne adapter may comorise a discrete component which 
is itself removably :r permanently affixed to the rase unit. 

15 Fo r ma 1 1 on or tne attachment region using a discrete o omp orient 
is advantageous since it facilitates standardization of the 
system. For example, the adapter attachment region component 
could be manufactured separately, optionally at a single 
location, and/or otherwise prepared to strict specifications, 

2 0 both of which would help* assure that the rase units which 
incorporate such standardized attachment regions will oe 
compatible with all corresponding adapters. The standardized 
adapter-attachment region could also be adapted to 
interconnect with other components of tne base unit, such as 

25 heaters, cooling blocks, pin connections, and the like, thus 
facilitating interface with these elements. Thus, systems 
ha vina four or more rierc tall wit hi:: the ;ror- ; : the r re sere 
invent 1 o *~ 

In .i second aspect :t tne pre sen t . r: vent 2 c n t n - 
3C analytical system romp rises a base unit ana a sample 

substrate, generally as described above. An adapter _s 

conf igurec to be removably attached to the attachment reaver. 

of the base unit and includes an attachment region to 
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substrate array tc the base unit. In this aspect cf the 
present invention, the adapter can act trmarilv to cosicim 
sample substrate relative tc the interface array m the base 
unit. For example, if the case unit interface array includes 
5 a light source and/or light detector, the adapter can trooerl 

position the sample substrate relative tc the liant 
source/detector in order to perform a desired measurement. 
The adapter could optionally but not necessarily provide 
further interface capabilities between the sample substrate 
10 and the base unit. 

In yet another asper^. cf the oresent invention, 
adapters are provided for use i:: combination with case units 
and sample substrates, as described above . The adapter 
comprises an adapter bodv having an adapter -base interface 
array including at least one cf power end signal connect or ■. s 
disposed to mate with corresponding connect or ( s i in tne bas»~ 
mterface array when tne adapter is attached to tne attaenmen 
region on the base unit . The adaoter further includes a 
sample substrate attachment region having an adapter - sample 
20 substrate interface array including at least flow biasmq 

connectors disposed tc mate with corresponding regions in the 
sample substrate interface array when tne sample substrate is 
attached to the attachment region of tne laapter . The f lew 
biasing connectors will romm.cn iy re elett redes tor 
2E elect rok met i c flow mot re 1 in res scrape xr.z stner 

microf luidic sample substrates, cut ecu! 1 a; so be accuse i c , 
pressure, or mechanical f low- producing components. The 
adapter - sample suostrate interface array will f reouent 1 v 
include interface components in addition to tne flow bias mo 
connectors, such as radiation emission and detection 
components positioned to interface wit n particular regions of 
the sample substrates . 

The base unit may be se _ f - cent a med , ;.e. :t may 
include all digital and. sr ana^ra circuitry as well as user 
input ./output interfaces which are necessary for centre. Ima s 
assay and producing assay results from tne system,. liters 
nowever, it will be pre ter able t: interface the rase unit wit 
a general purpose sr conventional st mooter, where the compute 
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can provide some cr all cf tine centre 1 analysis, ana / or 
reporting function (si as well as some cr all of the user 
interface. Usually, the computer will be a standard persona, 
computer or workstation which operates on a standard operating 
5 system, such as DOS , Windows" 95, Windows" KT . UNIX, 

Macintosh, ana the like. The computer will be able to provide 
a number cf standard user input devices, such as a Keyboard, 
hard disk, floppy disk, ZD reader, as well as user outputs, 
such as screens, printers, floppy disKs , writable CD output, 

10 and the like. Use if the computer is particularly 

advantageous since it can significantly reduce the cost cf the 
base unit and allow significant upgrading of the computer 
rnmnnnert r.* rhp system while using the same case unit. 
Despite these advantages, in som.e instances it may be 

15 desirable to incorporate the interface ano digital circuitry 
of a computer into tne case unit of the present invention,, 
allowing al. of the capabilities of a conventional digital 
computer, but with perhaps less flexibility. 

When the system of the present invention is 

20 controlled via digital circuitry, i.e. using a separate 

conventional computer interfaced with the base unit or using 
digital control circuitry incorporated within the oase unit, 
it will usually be desirable to provide at. least a portion of 
the operating instructions associated with: any particular 

25 adapter and/ or any particular sample substrate and assay 

format in a computer readable form, i.e. on a conventional 
computer storage medium, such as a floppy a i s k , "i compact iisk 

CD ROM , tape, flash memory . cr tne like. The medium will 
store computer readable code sett i::u firth tie iesired 

12 instructions, woe re tne instructions w _ 1 i enable : :ie ompui - : 

iwnicn may oe a separate cr integral computer tc interface 
with tne base unit and t .? cent r i \ an a s s a y p e r i c r me d h y t n e 
base unit open tne sample present in a samel- substrare h e 1 ;: 
bv an a dare °r r^te: ved r ~h~ r i : ■ ■ ■ : - ; ~ *7"v- r ♦ 
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systems which include an adapter as set fortn above m 
combination with tne tangible medium scoring the computer 
instructions described above. The present invention still 
further comprises systems which are combinations of one or 
5 more sample substrates as generally set forth above, together 

with a tangible medium setting fortn computer readaole :ode 
comprising instructions as set forth above. 

The computer program may oe provided to the user 
pre-loaded onto the desired medium, usually a floppy dusk or a 

10 CD RQX, or may alternatively be downloaded onto the medium hv 

the user from a central location via a network, over phone 
lines, :r via other available communication and transmission 
means. The program will then be incorporated onto the medium 
and be available for use in tne systems and methods cf the 

15 present invention. 

In a still further aspect m the oresen: invention, 
a method for configuring an analytical system comprises 
providing a base unit having an attachment region including at 
least one interface component therein. An adapter is 

20 removably attached to the attachment region cf the base unit 

so that an interface component on the adapter mates with a 
corresponding interface component on the base unit. The 
adapter includes a sample substrate attachment region having 
at least one interface component therein, ana a samole 

25 substrate is removably attached to tne samoie suost rate 

attachment region on the adapter so tnat an interlace 
component on the sample suostrate mates with a correspondina 
interface component on tne adapter. Usually, but not 
necessarily, the adapter is removably attached to the base 

30 unit by placing the adapter within a receptacle on tne base 

unit, and the sample substrate is removably attached tc the 
adapter by placing the sample substrate within a receptacle on 
the adapter. The sampie suost rate- will preferably he a 
microfluidic device having a plurality of channels connecting 

35 a plurality of reservoirs and including tlow biasmc regions 

positioned at one cf the reservoirs and,- or cnanne.s . Tne base 
unit may then direct cr manage flow in the substrate cv 
providing flow contro. signals to tne adapter. The tlow 
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control signals energize flow biasing regions on the adapter 
whereby corresponding flew biasing regions on the substrate 
are energized to control flow through the channels and amonq 
the reservoirs. For example, the flow control may be effected 
5 by electrically biasing electrodes en the sample substrate t: 
cause electroKinet ic flow centre ± . Alternatively, the 
energizing step may comprise acoustically driving the flow 
biasing regions on the sample substrate. Usually, the adapter 
will include electromagnetic radiation sources and detectors 
10 for signal generation and detection m a variety of analytical 
techniques. Any of the above control steps may be implemented 
by providing computer readable code to an integral or separate 
computer which controls one anaiyr.ica' system. 

It BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a first embodiment of an 
analytical system incorporating the features of the present 
invent ion . 

Fig. 2 illustrates a second embodiment of an 
2C analytical system incorporating the features of the present 
invent ion . 

Fig. 3 is a block diagram illustrating the 
info oat ion f I o w b e t we en various c enter, e n t s of the system c : 
the present invention. 
25 Fig. 4 illustrates an exemplary analytical system, 

incorporating the components of tne system zf. the present 
invent ion . 



EESCRT ?T I JU .IF THE S?E2IF:7 EM3C 1 1 MF>:TF 
Ana -.yt l ca . systems -;;u cranio- t tne o resent 
invention comprise a case unit, an adapter .. ana a samp! 
s ub strate . E a c n of these parts of tne system w 1 1 1 b e 
described :n detail below In gener.il the an a 1 vt i r 3 
will ;e "T. rirureo ~ ~ voce:'.*- m.i an a '. vc ■ ■* : w: d~ varie* 
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be detected. The analytical systems may ce used to implement 
numerous specific analytical and/or preparative techniques, 
such as chromatography, PGR , LCR , enzymatic reactions, 
immunologic reactions, and tne like. Samples will usually be 
liquid cr be liquified prior tc testing, ana will frequently 
undergo a cnemical cr biochemical reaction prior tc analysis. 
The analytical systems may provide for a variety or 
manipulations of the sample m addition to chemical ana 
biological reactions, such as mixing, dispensing, valvir.g, 
separation, heating, cooling, detection, and the like. '"The 
analytical systems may rely cn numerous known detection 
techniques oucn as spectrophotometry, i iucrome t ry , radicmet rv 
magna tome try, galvanome t ry , ref iectrome t ry , ultrasonic 
detection, mephlomet ry , e iec tr op no re t ic measurement, 
15 temperature measurement, pressure measurement, pot en t i ome t r i o 

measurement, amperome tr i o measurement, and tne like. Ir the 
exemplary and preterred embodiments below, sample manipulation 
and detection are performed in microfluidic substrates where 
the sample is mampuiatea between and among very small volume 
20 reservoirs and flow channels formed :n the substrate. 

Usually, a^l flow and test conditions on tne substrate will oe 
controlled through tne case unit and the adapter, as described 
in more detail neicw. 

The base unit of tne present . nvention will 
25 typically comprise _m enclosure or frame wnicn may be .r.tendea 

for mounting, e.g. -n tne floor, or. -.i ocunter , in a rack. -r 
ln any ether conventional manner, or which may oe portable or 
hand-held. The case unit will usually include at. least power 
and/or signal transmission circuits, and will usually include 
30 signal processing capability tor helping to analyze and or 

store data received from tne adapter as aescribed m more 
detail below. The base unit will usually further induce a 
microprocessor for helping manage boon no substrate 
management and data collection duties. _pt icnai Iv , 
3 5 information displavs i n the form ; : vidtr^ monitors, 

alphanumeric displays, printers, LED displays, and tne .ike, 
may be provided cn or m tne rrame. .iter: togecner with data 
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In t he exemplary embcdiir.er.cs, however, the base unit includes 
only a plug connecter for interfacing with an external 
computer, where the computer provides tne necessary input and 
cutput devices. In such cases, the case unit will often, out 
5 not necessarily, include an internal mi c rop recess or for 

controlling or helping to control the internal operations of 
the case unit and adapter. Alternatively, a microprocessor 
could be provided m the adapter, with the base unit providing 
only interface functions between the aaapter and tne computer. 

1C In ether cases, all control functions will re managed through 
the separate computer with the base unit and adapter providing 
only distribution and interface functions. Again, it snculd 
bp r np r n m a - & n that a va -i * a b i 1 i - y o f hot ~ r h e h a s e 1 1 r. : t and r h <=■ 
adapter provides for a very wide range : z specific designs 

15 with different functions being selectively distributed net we en 
the adapter and tne base unit for particular assays and sample 
substrate designs. 

The base unit w i 1 1 include an a 1 1 a c hme nt r eg i o n f o r 
removably securing the adapter. The attachment region on the 

2 0 oa s e unit has a base interface array including at least one, 
and usually multiple, interface component's' intended tc 
provide power and/or information communication with the 
adap te r . The interface c ompon^ n t ■ c i cent rice a w i de v a r l e t y 
of devices as described in more detail b e 1 o w . T he acta: nm.en t 

25 region may oe any feature or structure cn tne enclosure or 

frame ot trie rase unit wnich can removably attach the adapter. 
The attachment: reqion will usually re -enstructeo s: : nat * he 
adapter can oe connected : n a cnioue ::r.:;.r.:rat:".n d:uv 
that tne rase interface array will re cr. iquely configured 

3; re.ai : v-? i: tne adapter. Tne at taonmeu* reg.cn may nave .-i 

wide variety :: forms, su on as receptacles, we^is, slots, 
trays similar t o a CD t r a v , or t n e . i k e f t e n , c n e 

a 1 1 a c nme n l reo i .: n w _ 1 1 de f r ::~ a re ^ei: t a c - ~- :. -r ' _ : n cr- r c: ce 
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may be provided to hold :ne adapter on the oase uni': m a 
desired orientation. 

The adapter will also comprise an enclosure 01 
frame, althougn the enclosure or frame will usually re 
5 significantly smaller than that of tne base unit. The 

enclosure or frame will be adapted :: oe received on or m tne 
attachment region of tne base unit, as generally discussed 
above, and will itself include an attachment region fcr 
removably securing tne sample suostrate. The attachment 
10 region on the adapter may take any of the forms discussed 

above for tne attachment region on tne base unit, and it wil'l 
usually ne necessary for tne attachment region to immobilize 
the sample substrate in a particular orientation relative to 
the adapter . 

The adapter will include an adapter - base interface 
array which meets with or coupies to the rase interface arrav 
when tne adapter is mounted m the attachment region on the 
base unit. The adapter-base interface array will induce at 
least one interface component which mates with a corresponding 

20 interface component within the oase interface array, usually 

to provide for power and/or signa. connection oetween the base 
unit and tne adapter. The interface component \ s ) may provide 
for a wide variety or additional interconnections, and will re 
described in greater detail below. 

25 Tne sample substrate attachment region will uu.ua- 

an adapter sample substrate interface array intended t c mate 
with or couple to a sample suostrate interface array cn the 
sample substrate when the sample suostrate is attached to tne 
attachment region. The adapter - samp ie suostrate interface 

30 array will itself include at least one interface component 
which may be any of tne components described m more detail 
below. Usually, the adapter - samp ie suostrate interface array 
will include multiple interface components 'which are di coo sec 
or distributee in a pattern selected tc mate with at least 

3 5 some corresponding interface component :n tne sarr.pl- suostrate 
array on the s amp 1 e s uo s t r a t e . 

The s amp 1 e suostrate may t o mo rise any one o f 
variety of ,-:nown analytical devices cr articles intended for 
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receiving a sample and processing the sample m some manner to 
provide a detectable output which can be related to a sample 
characteristic, e.g. the presence of an arialyte, tne 
composition :r nature of a molecule present m tne sample 
5 'e.g. protein or nucleic acid sequence:, or the like. The 

present invention is particularly intended for use with 
microf iuidi: sample substrate of the type described in U.S. 
Patent Nos . 5,498,3 92; 5,486,355; 5,304,46^; and published FT7 
application WO 96/04547, the full disclosures of which are 

10 incorporated herein by reference. Suitable microf lu idi c 

substrates are also described in commonly assigned co-pending 
pending Application Nos. 08/761,987, filed June 28, 1996, and 
08/845,759, filed April 25, 1997, tne full disclosures of 
which are incorporated herein by reference. 

15 A particular advantage of the present invention s 

that tne adapter can be configured to receive any one cf a 
variety of specific sample substrate configurations. In that 
way, the designer of the sample substrate is free to optimize 
the size, design, flow paths, and other features of tne sample 

20 substrate witnout undue regard to the nature of tne case unit. 

Within a wide latitude, most specific design features cf a 
sample substrate may be accommodated by appropriately 
designing an adapter. While this advantage is available, it 
is also possible that tne design of too sample substrate take 

2 5 into account specific: cna racter is 1 1 cs and iesiun Leaiures ~f 

either or botn of tne case unit and adapter. It will be 
appreciated tnat the system architecture emp . r-ymg the adapter 
as an interface between tne sample sur st rate am the base *" 
provides i z r s i gni i i ian: des i gr. f 1 ex: b l ~ i - y . 

rnaracteristics s e 1 e :z t e zi t r p e r m 1 1 r e m o v a b 1 e at t a c n m e n t t c " : ; e 
attachment region, as generally discussed aoove . Sample 
substrate will furtner ir.ch.i-: th~ surer rate interlace urav 
wh i c h .: u c 1 cue s at Least z n ~ ■ - - mr •=> r. ~ : : s o ~ s e ~i " ■ 
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The interface components on the adapter ana sample surst.rate 
will generally be able to provide tor both flow control 
management of the sample and other liquid reagents present m 
and applied to the sample substrate and will further provide 
5 for interconnection of power and signals between the adapter 

and sample substrate. 

As used herein and m the claims, the phrase 
"interface component" refers to any one of a wide variety of 
discrete components or regions present m the interface arrays 

10 on the base unit, adapter, or sample substrate. Interface 
components will generally provide for electrical or ot her 
energy transfer, analog or digital signal transfer, enercv 
transmission, energy emission detection, and the li>e . 

Electrical connections, both for power ana sianai 

15 transfer, will generally comprise conventional connectors l. n 

the form of electrodes, pins , plugs, cere insertion :or;:e 
(ZIP) connectors, and the iiKe. Such electrical connections 
will usually require mating connecters m two* of the interface- 
arrays which are brought together wnen the system is put: 

20 together. The electrical connectors will often be present on 
a surface or edge of the interface array so that corresponding 
components will be engaged against each itner wnen toe adapter 
is mounted m the Dase unit or one substrate is mounted on the 
adapter. Similarly, surface or edge electrodes i n the 

2 5 adapt e r - same 1 e substrate interface arrav mav re c rev i dec 

mate with corresponding surface or eaae electrodes on tne 
sample substrate. The electrodes on the sample substrate may 
then be connected internally m the substrate to the desired 
reservoirs or fluid flow channels m order to effect 

3 0 electrckinet i c flow control, as descriced m the previously 

incorporated patents and patent applications. In other cases, 
however, it will be desirable to provide interface components 
m the adapter- sample substrate rnterrace array whim :rr D ::o; 
contact tne fluid to re e ie ot ro e r ne t ica 1 + y ron trolled. For 
35 example, probes or pins may b^ rr ^v:ie.i .^n the aaarter which 

will penetrate into open wells - r * :o::i:' h t. sept urns on the 
sample substrate in order :: rerm.:: rr-o:: contact and 
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application cf electrical potential. A specific example of 
sucn connectors are shown m Fig. 2 beiow. 

The energy transmission sources will generally ce 
intended to either energetically excite a region on the test 
5 substrate or provide energy to initiate fluid flow on the 

sample substrate. The energy may take a wide variety of 
forms, including light, sucn as visible iign: and 17/ iiaht, 
acoustic energy, heat, cooling, pressure, mecnanical energy, 
electrical energy, and the like. In the case of sample 

IC detection, tne energy transmission source may be light or 

other radiation intended to excite a species :-r label to be 
detected. Heat ing/ccoling may be provided to neip< effect or 
condition a particular chemical reaction. Ac cust ic , pressure, 
and mechanical energy may be provided zz directly effect fluid 

IE flow m cnannels of mi cr c t ^uidic sample substrates. It will 

be appreciated that such energy transmission sources do not 
necessarily have corresponding interface components m an 
adjacent interface array. Instead, energy transmission will 
often be directed generally at regions on tne sample substrate 

20 wnere energy is to be received. 

Energy emission detectors may be provided, usually 
on the adapter and/or the base unit, to detect energy emitted 
from tne sample substrate. For example, detection reactions 
may result in the emission cf light via fluorescence, 

25 iummescenc-j , radiation, or other energy emissions wnicn need 

to be detected and/or quantified m order tc perform 
particular analysis. The appropriate detection components may 
re provided :u tne adapt ei and cr base unit, ana tne uaapte: 
:.OiL-u „•:; - appropriately a.icn t no sues t rat * ne aetec: : r c 

31 A ^articular 1 1 ass .1 interlace ;cmp;:nwc --v.; . v- i 

cy tne analytical system cf "he present invention are ret-rrei 
tc as "'flow o lasmg cenne ct or s . ' Acw oiasing connecters are 
intended 1 1 identify those interface component;: whi z n ;: a n 
effect fluid flow on s a mp 1 e substrates. oar::::uar.v - v : 
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like distributed within cr on the adapter sample substrate 
interface array tc mate with the network of flow channels an: 
reservoirs m the sample substrate as general Iv described 
above ana in the previously incorporated references. Tie 
electrodes will usually have corresponding electrode terminals 
present within the interface array cn the sample substrate so 
that the electrode terminals may re interconnected to 
corresponding electrical connectors on the adapter-sample 
substrate interface array on the adapter for in rare cases on 
tne base interface array on the base unit, . In other cases, 
as described above, the flow biasing connectors may he probes 
or pins cn the adapter whicn are positioned tc iirect.lv ennaqe 
fluids present on or m the sample substrate. For example, an 
array of pins may be provided on a nmoed lie :r cover ;n the 
adapter p^ate so that tne sample substrate mat' re positioned 
cn the adapt e r and t he lid c ove r t ne reafter loosed : n z ccio r - ■ 
penetrate tne pins into open sample wells on tne substrate. 
The sample wells, of :ourse, need not ce open and could be 
covered with any penetratabie membrane or septum whicn is 
pierced by the pins when the cover is closed. Other flow 
biasing connectors include acoustic energy sources 
(piezoelectric transducers) positioned within tne adaptor 
sample substrate interface array so that thev engage the 
sample substrate at positions intended c~ induce fluid ~~cw 
tnrough the flow channels. Other flow oiasmc connecters 
include pressure sources which can initiate flew bv 
press unzation, mechanical energy sources, whicn can efiect 
mechanical pumping of liquids through the flow channels, ana 
the like. 

Referring now to Fig. 1, a first exempl arc- 
analytical system 10 constructed m accordance with tne 
principles of the present invention comprises a base unit 11, 
an aaapter 11, and a s a mp 1 e substrate 1 -3 The case u n i : 11 
includes a p 1 n socket 2 ?■ for mating with a ::iuq 12 cn a better 
surface of the adapter 14. A computer port 14 is provided for 
mating with conventional serial cr caralie* ^nputs on aeneral 
purpose computers, such as personal ccmpucerc, work sta:icns 
and tne like. Usually , tne case if will mc.uae at ..east 
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signal processing and conditioning components, such as analog - 
to-digital converters for receiving anaicg data from the 
adapter 14 and converting tnat data to digital term for 
transmission to the computer. In other cases, however, the 
5 computer may be adapted to directly convert analog signals tc 
digital data. The base unit 12 and/or adapter 14 could also 
be provided with digital - to- analog converters for controlling 
power, flew, or any other parameter directly from digital 
signals from tne computer. The adapter 14 may also include 

10 internal microprocessors for further data manipulation. The 

adapter 14 may also include a power input, : or either line AC 
current and/'cr low voltage DC current which may oe provided 
by a power supply in the base unit 12; . The pm cocker. 20 
will usually provide for interface fcr note power ana si ana: 

15 exchange between tne has- unit 12 and the adapter 14 . 

Locating pins 23 are provided on an upper surface of the base 
12 to engage locating holes 30 on the adapter 14. Thus, the 
entire upper surface of tne base unit 12 will provide the 
attachment region for tne adapter 14 while tne pm socket 2 0 

20 will generally provide tne adapter-base interface array with 
the individual pins providing the interface components. 

A plug 22 comprises the adapter-case interface array 
on the adapter 14 . The plug 22 provides for both power and 
signal connections to tne base unit 12 ana the adapter runner 

2E provides an optical source ana detector -4 ana a 

heat mg/ cooling element 30, both cf whicn mate tc particular 
regvens c n the sarrx le substrate , as les c: .; bed run her 
belcw. Che adanrer 14 turther includes m edge -enneett? 4 
whicn includes x numner i electrcdes 41 whicn nat.e with 

i: corresponding electrodes 44 in an eaae ..: f tne sample substrate 

16. The sample substrate 10 is removaciy .iccacned tr tne 
adapter 14 ry sliding tne substrate between a pair auides 
40 which are farmed by parallel 2 soaped shannons ;r, the uopc.o 
surf.i"-- ~ t - h-* vdar^ »r 4 >;i^- > --i-i-n: ' ~ .- » : ^ c • 
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52 is aligned with the heater/ cccier 36 on :ne adapter. Thus 
the optical source detector 34, heater/ cooler 36, and ectge 
connecter 4 0 comprise interface components m the attachment 
region of the adapter 14. 
5 The sample sucstrate IS comprises a p.ura.icv sf 

sample and reagent wells 60, each of which is coupled t: an 
electrode 44 in the interface array. In this way, sample flow 
on the sample suDstrate can be controlled through the base 
unit 12 and the adapter 14 to centre! power through the 
10 electrodes 42. It will be appreciated that the power may oe 

provided directly cy the case unit 12, in wnich case the 
adapter 14 acts merely to distribute the power. 

Alternatively, the base unit 12 may provide information to the 
adapter, and the adapter 14 generate the power internal!-.- 

15 which is distributed through tne eiectrsaos 42. in either 

case, sample flew among the reservoirs and ^ flew channel 
network 66 is controlled in a desired manner. A portion or 
the sample and mixed reagents will flow through the 
heating/cocling region 52, wnere it will oe appropriate! v 

20 treated. Again, the amount of heat or cooling supplied bv 

region 36 is provided and contrellec by a combination c: tne 
base unit 12 and adapter 14, wnere specif it functions mav ce 
provided by either of those twe components . An output signal 
resulting trom one s r more react i ins is eventual Iv reai -i*" - h^ 

25 reaction region 50 ry the op:;:al source. Jet est cr 3 4 oitpuc 

of tne optical detector 34 will be passed bacK to tne case 
unit 12 through tne cm socket 2C ana male dug 22, Tne 
optical detector will usually produce an analog signal, and 
such analog signal may be converted to digital m any c: the 

30 adapter 14, oase unit 12, or externa, computer net shown- 

A second exemplary embodiment 100 cf the analvt i cal 
system of the present invention is illustrated m Fig. I Tne 
analytical system 10 0 includes .-■ oase unit 112, an adapter 
114, and a sample substrate 116. The rase unit 112 is 

35 similar in many respects to oase unit 12 m Fiq . 1, ana 

includes locating pins 123, t pin soo;et 120, and a computer 
port 124. Base unit 112, howe v e r i. u r * n e r z z mo rises an 
cptical source detector 134. This is different * car. - n- 
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analytical system 10, where tr.e optical source 'dete:::r 3 4 was 
provided as part or tr.e adapter 14 . 

The adapter 114 comprises a plate 115 having an 
aperture 11" in its center. When the adapter 114 is mounted 
on che base unit 112, che aperture 117 will lie generally over 
Che optical source / detector 134. Adapter' 114 further includes 
a hinged cover 119 which is used to cover and position the 
sample substrate 116 :n top of the plate lib. When tne samcle 
substrate 116 is positioned, and the nmoe rover 11 r rlosed, 
plurality of probes 121 on a lower surface if the cover will 
penetrate into sample and reagent wells 16 0 on the ?amc3e 
subs tt rate 116. The we lis 160 may be comp i e t c 1 y ope n c r ma v oe 
covered by a pene t racabl e membrane or septum. The crooes : r : 
will thus oe immersed ana m direct contact with tne liquids 
present m tne wells 16 1. In that way, electrical biasing can 
be provided m order to effect elect roKinet ic flow management 
through tne channel network 166 on the sample substrate 116. 

The sample substrate 116 includes a reaction zone 
150 wnicn will usually re at least partly transparent cr 
translucent to permit light from tne optical source detector 
13 4 to reach the fluid m the region and to permit emitted cr 
detected light to leave the region. Such incident and emitted 
light from region 15C will pass through the aperture 11" m 
the adapter 114 so chat it may oe dirertly soup lea t: tne 
optica, source < detect cr 134. Again, cms u a iifferenc- with 
tne analytical system II of Fig. 1 where detecticn was 
performed directly net wee:; tne adapter 14 arc * h-.- samel.' 
surest rate 16. 

It snou.d be anpreciatea that tne -x-ritlary 
ita.y:ua. systems _ ana 111 ^i- iiiter.de :i \ . o- 
representative of virtually infinite nurr.be: " : cossme 
system configurations. Use :.i an adapter 14 or 114 rern:;- 
•"he varices power signal, ana t:nei functions ■ r 
r i n a - v~ : c i 1 s vs t em r ^ re ~. n c 1 u d e i : n a re." " u " 1 * h- ■ ,mr' ■*• : 
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Referring now c: Fig. 1 , a system 200 according tc 
the present invent icn can be configured in a wide variety cf 
ways. For example, a case unit 212 may comprise a single 
monolithic instrument containing all centre, and analysis 
components necessary for performing an assay (in combination 
with adapter 214 and sample substrate 216., needing only tc be 
connected to line current or other power source. The base 
unit 212, however, will be connected to a general purpose 
computer 22C, e.g. a personal computer- or wcr.< station, which 
provides at least a portion of the input ' output , control, and 
computational functions of the system 201. The computer 22~ 
may be connected by any conventional, connecters, tvpiea'l" 
using serial or parallel input ports. The computer will ne 
programmed using software 222, which may re :n the form of av 
conventional computer medium. The software will comprise 
instructions tor all or a portion or the computer functions. 
For example, the software may comprise t ne operating system, 
utilized in performing all assays using the system cf the 
present invention. Alternatively, the computer may utilized a 
conventional operating system capable of controlling real time 
functions, as set forth above. The system test software 222 
will usually include system instructions wnich are general and 
app ly t o many a s says a s we 11 as s v s t em :. as: r u c 1 1 on s wh i c: h a rr 
specific for any particular assav. The instruct i ens mav bo 



included m a s i n a 1 e a :. s k :r c t h e r m. -° d : u t 



cr may ce mciucec 
i n mu 1 1 1 p 1 e disks w n i c n ma y t hen c e c r. mc i ne i n a ues i re c 
manner for performing a particular assay. Alternative!^/, the 
test software may ne downloaded into the base unit and/ cr cntc 
a storage medium via a network, the internet, or otherwise as 
30 set forth acove . The system software will include functions 

such as system initialization, assay format, computational 
instructions, user /patient input instructions, and the like. 

Thus, it can be seen, that r he case unit 2 12 and 
computer 22 2 will generally oe useful fcr cer terminer manv 
35 different types of assays, while -.ne acaoter 211 and sample- 

substrate 216 will be more spec: r : :al 1: directed ar. carticuiar 
assay . s . One type cf adapter 114 mav re compatible with 
multiple sample substrates 2 1-5 rntenden for cerfcrmma two 
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more different: assays, where :ne system test software 222 can 
enable the adapter 214 and base unit 212 to properly interface 
with the sample substrate 216. Systems according tc the 
present invention will tnus further comprise tne combination 
5 of test Hardware 222 with either an adapter 214, sample 

suDStrate is' 116, or both. That is, a user already possessing 
a monolithic base unit 212 or combination base unit 212 and 
computer 220, may later acquire tne combination of system test 
software 222 and adapter 214 intended to perform a particular 

10 assay :r assays. £y tnen mounting the adapter 214 on tne base 

unit and leading tne software 222 onto tne computer 220/base 
unit 212, the system will be configured to receive s amp 1 e 
substrates to analyze particular tost specimens ror the 
desired analyte. Alternatively, wnen an adapter 2 14 is 

15 suitable ror two mere assays, the use:" may later acquire 
the comb mat ion of test software 222 and sample substrate is: 
216 which enable the preexisting combination of computer 220, 
base unit 212, and adapter 214 to perform a new assay. In 
some cases, the combination of adapter 114, sample 

20 substrates 21c, and system test software 222 will also be 
provided tc the user. 

Referring now to Fig. 4, an exemplary system. 30C 
configuration is illustrates. The system 300 comprises a base 
unit 312, an adapter -14, and a sample substrate 310. 

25 Additionally, a universal adapter 321 is pro viced as a 

discrete component tor removable or permanent mount mq onto 
tne base unit "12 The universal aaapte: • 2 3 serines tne 
attachment regit:: n the c-a ~~ unit •' 1 2 :~r oe— :v:st tne 
adapter : 1 4 Base unit 3 11 provides system t unctions, such as 

-? 3 an optica, source let ester "22 ana a heater p. ate 3 24 . The 

universal adapter 3 20 :s -ousted ver r he neater plate j24 
onto a support surrace 32- if the rase unit 3 1 2 . The case 
unit 312 io then ready • t removably reoeivo a car - •■ r slate s 
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interface between the base unit 312 and the adapter 314 
Also, a single base unit 312 icr base unit design? can be 
interfaced with an even wider range cf adapters 314 by 
employing different classes cr types of universal adapters, 
5 each cf which can display alternative functionalities and 
interconnection patterns . 

Although tne foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity cf understanding, :t will be cbvious that 
10 certain changes and modi f i cat l ens nay be practiced with..:: the 

scope cf the appended claims. 
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WHAT IS CLAIMED IS : 



1. A system for manipulating nareriais comprising: 

2 a base unit having an a t t a c hT.e n t region wit.n ^ case 

3 interface array including at ieast one interlace component 

4 therein; 

t an adapter configured tc be removably attached tc 

6 the attachment region and having an adapter -case interlace 

array including at; least one interface c omp one n t disposei :c 

5 mate with a corresponding interface component in the case 

9 interface array wnen the adapter is attached ~ c the attachment 



1C region, a substrate attachment region, ana an adapter 

11 s u bs v tf\ r e interface arrav haviitc at ^easa one interface 

12 component therein; and 

13 a substrate configured to oe removably attached tc 

14 the suds t rate attachment region of the adapter and having a 

15 substrate interface array including at least one interface 

16 compenent disposed to- mate with a corresponding interface 

17 component in the adapt er - subs t rat e interface array when the 

18 substrate is attacned to the suns t rate attachment region. 

1 2 . An a n a 1 y 1 1 c a 1 s y stem as : n t 1 a i m 1 wn e r e i n t h e 

2 base interface array includes at; leas"" on-- : nt. erf a^e component 

3 selected from the group consist ma of electrical power 

4 sources, analog signal connectors , digital signal -on no c c t r s 

5 energy transmission sources, -loccrira] electrochemical signal 
r. detect ors , r.'rl dete tiers, and o.oeriv -m.issi :. do t e 1 1 t. rs 



An analytical ays tea --is in a j:t 1. w::e:e.: 
a cap t e i s us s t r a t e array i n c ± ^ oo s a * . e a s *. a; e i n 1 1 ~- r r a ~ — 
compenent selectee : ret tne croup consisting of e^ectrica! 
powe r sou rces, anal oa s l ana 1 t c r.ne r t o r s , a : g i a a . s i ana i 
connect, ors energy t ransmi ss i " :. sources, H deter-* tic ao 
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4. An analytical system as in claim 1 or 2, 
wherein the energy transmission sources are selected from tne 
group consisting of light sources, acoustic energy sources, 
4 heat sources, cooling sources, and pressure sources. 

1 5. An analytical system as in claim 1, wherein the 

base unit comprises a digital processor. 



-3 



1 € . An analytical system as in claim 1, wherein the 

2 base interface array comprises at .east electrical power 

3 electrodes disposed to mate with electrical power electrodes 

4 on the adapter-case interface array of the adapter ana at 

5 least electrical signal eiectrcdes disposed to mate with 

6 electrical signal electrodes on tne adapter-case interface 
array of the adapter, wnerein said power electrodes ore vide 

8 electrical power to the adapter and said signal eiectrcdes 

9 provide data transmission between the case unit and the 
10 adapter. 

1 7 . An analytical system as in claim 1, wherein tne 

2 attachment region on the base unit comprises a receptacle 

3 formed in a surface of the base unit 

- • An- anal y t i c a 1 system, as i n claim r- , whe r o i n t c e 

I receptacle nas peripheral dimensions which mate with tne 

j adapter . 

1 3. An analytical system as in claim 7, further 

2 comprising a latch on the case unit for securing the adapter 
2 within the receptacle. 

1 10. An analytical system as in claim 1, wrier 3 1 n tne 

2 attachment region on the base unit comprises a discrete 

3 component which is attached t r tne case unit. 

1 - 1 . An a n a 1 y 1 1 c a i ~ *. ■ s t ^ ~" i ■ in c - a i m 1 wherein t c ° 

2 substrate has a top side, a t":::~ ciie, ana an interior 

3 region therebetween, wnerein the : r. i • ; : -. .; r recrion has 3 
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4 plurality of mesoscaie channels connecting a pluraiitv of 

5 reservoirs and wherein the flew biasing elements comprise 

6 electrode terminals exposed on an exterior surface cf the 
substrate and/or access points on the substrate which permit 

3 proite penetration. 

1 12. An analytical system as m claim 9, wherein the 

2 substrate has openings over at least some cf the reservoirs to 

3 permit direct penetration by probes in the adapt er - substrate 

4 interface array. 

1 13 . An analytical system, as in claim 11, wnerein 

2 the adapt er - subs t rat e interface array -^rli:rip.q a mu 1 1- iplici t v 

3 of electrodes disposed in. a pattern ;o mate with the expesec 

4 electrode terminals on tne substrate . 

1 14 . An analytical system as m claim 3 , wherein tne 

2 adapt er - substrate interface array includes at least one 

3 additional interface component. 

1 11. An analytical system as in claim 11, wherein 

2 the additional component: comprises an electromagnetic 

3 radiation source and wherein the sunstrate includes a region 

4 transparent to said electromagnetic radiation, wherein the 
2 transparent region is aligned with the source when said 

6 substrate is attached within the substrate attachment region 

on tne adapter. 

: lr. . An ana no :c;u system a o .u nam 11, turtner 

comprising ^n elect r omagne t i c radiation detector disposed 
? within tne adapter substrate interface array so tnat it wii^. 

4 r e c e i v e emitted radiation t r cm tne t r a n so a r e n t r e g : : n w hen t n e 

:" substrate :c attached :u:; t h-- a * a mr^r. - i -_ 
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17. An analytical system as in claim 1, wherein the 
attachment region on the adapter comprises a receptacle formed 
in a surface of the adapter, said receptacle having peripheral 
dimensions which correspond to cuter peripheral dinensicns or 
5 the substrate. 

1 15. An analytical system as m claim 17, further 

2 comprising a latch on the adapter for securing the substrate 

3 within the receptacle. 

1 19. An analytical system as m claim 1 , further 

1 comprising a tangible medium storing computer readable code 

3 comprising instructions, wherein said instructions enable a 

4 computer to interface with the base unit and centre I an assav 

5 performed by the base unit upon a present on a substrate held 
*~ dy an adapter received on the base unit. 

1 20. An analytical system comprising: 

2 a case unit having an attachment region with a base 

3 interface array including at least one interface component 

4 therein; 

a substrate having a interface array including at 

6 least one interface component therein; and 

an adapter configured be removably attache:, t: 

8 the attachment region of the base unit and having an 

9 attachment region to removably receive the substrate,, wherein 

10 the adapter holds the suostrate in a fixed position relative 

11 "° the base unit and provides at least one of (i; a connection 

12 path from the interface component in the base interface arrav 

13 to the substrate or iii) a connection path from the interface 
component in the substrate array to the base unit. 
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1 2 1. An a n a I. y t i c a 1 system as : n claim 2 ~ , w ne re i n 

2 the adapter includes an energy distribution network, wnerei:. 

3 the interface co mpo ne n t i n t h e case interface arra v is .m 

4 energy source, and wherein the cuostrate array comprises a 

5 plurality of energy connectors whirr, couple to the enerqv 

6 distribution netwcrX m toe adacter. 
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1 22. An analytical system as m :.air> 20, where ir. 

2 the base interface array includes an energy emission detector , 

3 wherein the substrate array includes an energy transmission 

4 region, and wherein the adapter aligns the energy emission 

5 detector with the energy transmission region when the adapter 

6 is mounted on the attachment region of the base unit and the 
substrate is mounted on the attachment region of tne adapter. 

1 2 3. An adapter r o r use in combination w 1 1 r. a base 

2 unit having an attachment region with a base interface array 

3 and a substrate having a substrate interface array, said 

4 adapter comprising: 

5 an adapter body having an adapter -case interface 

6 array inducing at least one of power- ana signal connect or s 

7 d l spo s ed t o ma t e with c o r r e s con d i ng c enne c t c r ; s : i n t he case 

6 interlace array when tne adapter is attached to the attachment 

9 region on tne base unit ana a substrate attachment region 

10 having an adapter - substrate interface array including at least 

11 flow biasing connectors disposed to mate with corresponding 

12 regions in the substrate interface array when the substrate is 

13 attached to the attachment region of the adapter. 

1 24. An adapter as in claim 23, wherein tne adapter 

2 substrate interface array includes k .east ?ne additional 

3 interface component selected from tne group consisting ci 

4 electrical power sources, analog signa- connectors, digital. 
" signal connectors, energy - r ansmiss i o i. sour tec, 

c eiectn cai / elect roc nex.i cal c : gnai ietecccro, :H oet -tiro in; 
energy emission detectors . 

1 25. An adapter as m hair, ^4. wheren: trie 

2 additional component comprises an electromagnet i r. tcciaticn 

~ source and wherein the substrate includes region * : anot : • :o 

s - r a -] ^ r > i-f*'"'- ■ - > - i • - ; ■ - - • - r i ■ - ■ * - - -r - 
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26. An adapter as in can ZZ , further comprising 
an electromagnetic raaiaticn detector disposed within the 
adapt er - subst rate interface array so that it will receive 
emitted radiation from, the transparent region when the 
substrate is attached within the attachment region. 

27. An adapter as m claim 23, wherein the 
attachment region on the adapter comprises a receptacle formed 
in a surface of the adapter, said receptacle having peripheral 
dimensions which correspond to cuter peripheral dimensions cf 
the subst rate . 



28. An adapter as m claim 2", further comprising a 
. securing the sues t rate within the 

receptacle 

29. A system comprising: 

an adapter as in claim 23; and 

a tangible medium storing computer readable cede 
comprising instructions, wherein said instructions enable a 
computer to interface with the base unit and control an assay 
performed by the base unit upon a present on a substrate: held 
by an adapter received on the base unit . 

30. A system for use in combination with a 
computer, a base unit having an adapter attachment region, and 
an adapter, said system comprising: 

a substrate capable of receiving a to be analyzed 
ana adapted to be mounted or. the adapter; and 

computer readable cede comprising instructions which 
enable the computer to interface with tne base unit and 
control an assay performed by the base unit upon a present on 
a substrate held by an adapter received cn tne oase unit. 

31. A computer program article for use m 
combination with a computer, :\ base inn having an adacter 
attachment region, an adapter navmc a substrate attachment 
region, and a substrate capac^e . r recoivma a material tc re 
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5 processed, said computer program article comprising a tanaible 

6 medium storing computer readable code comprising instructions, 
wherein said instructions enable a computer to interface with 

6 the base unit and control the process performed by the base 
unit upon a present on the material substrate held by an 

10 adapter received on the case unit. 

1 32. A method for configuring an analytical system, 

2 said method comprising: 

3 providing a base unit having an attachment region 

4 including at least one interface component therein; 

5 removably attaching an adapter to the attachment 

6 region of the nrisc nni - so that an interface romoonent or: the 

7 adapter mates with a corresponding interface component on the 

6 base unit, wherein the adapter includes a substrate attachment 

9 region having at least one interface component therein; and 

10 removably attaching a substrate to the substrate 

11 attachment region on tne adapter so that an interface 

12 component on tne substrate mates with a corresponding 

13 interface component on tne adapter. 

1 33. A method as in claim. 32 , wherein the adapter is 

2 removab 1 y a 1 1 a c he d to the base unit by piacina the adapter 

3 within a receptacle in the base unit . 

1 34. A method as in claim 32, wherein tne substrate 

2 is removably attached the adapter by placing t he subs t rate 
j within a recectacle - :: l ::e adapter. 

1 . A metnoi as in claim : .'. , wnere :i. the subs: rat-: 

2 nas a plurality of cnanne is connecting a pluiaiity c^ 

2 re s e rvoi r s and f 1 o w c i a s i n a reaions, positioned at at .least 
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36. A method as m claim 35, rurtner comprising: 

- directing flow control signals from the base unit :c 

3 the adapter; and 

4 energizing flow biasing regions the adapter :n 

5 response to the flow control signals, whereby corresponding 

6 flow biasing regions on the substrate are energized to control 

7 flow through the channels and among the reservoirs. 

37. A method as m claim 36, wherein the enercrizino 
2 step comprises electrically biasing tne flow biasing regions. 

38. A method as m claim 36, wnerem tne energizmc 
2 step comprises acoustically driving the flow biasing regions. 

^ 3 9 . A me t h od as i n c _ a i m 3 6 . wne rem the directive 

2 and energizing steps comprise providing computer readable 
instructions to a computer connected to the base unit . 

1 40. A method as in claim 32, wherein tne adapcer 

2 further comprises at least an electromagnetic radiation 

3 source, said method further comprising directing an 

4 electromagnetic radiation source control signal from the base 
E. unit to tne adapter. 

1 4 1. A met nod as m claim 4: wherein the aaao 

2 further comprises an electromagnetic radiation jecector, sa;c 

3 method further comprising generating a signal m the adaoter 

4 in response to radiation emitted from. :::ie substrate and 
directing said signal to the base unit. 

42. A method as in claim 41, wherein the signal 
generating step and the signal directing step comprise 
providing computer readable instructions to a computer 
connected to the base unit . 
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